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TOE OF TE FLUORESCENT ANTIBOD TECHNIQUE
I3 = EXPUIMZNTAL NKPtITIDEDS. ITS POSS TLI
APPLICATIONS TO INDUSTANDING THE PATTOGEAMIIS OF SClE

HMN NKROPATRIES

LFolloving is the translation of an article by
Beatrice Carrier Seegal, N. D. Department of
Microbiology, College of Physicians and Surgeons,
Columbia Univerity, New York, based on resear"'-h
sponsored by the National Science Foundation
Grant 2290 and Grant 4910 and by the National
Institute of Health, Public Health Service Grant H 3925,
in the Italian-language publication Rass. Fisiog. Cl.
T Vol MI, No 12, Dec. 1959, pag 63-178.J

ister President, Ladies and Gentlemen:

I wish, first of all, to express my most sincere thanks to
the illustrious Rcuan Academ of Medicine and Surgery in the person
of its president, Professor Di Mattei, for having welcomed me as a
guest at this meeting and for having given me the opportunit of
speaking to you about some of our research work pertaining to the
application of the fluorescent artibody terbnique in studying expe-
rimental and human nep/ritis.

Part of this work was suggested by an assistant in the in.
stitute of Medical Pathology of the Universit of Rome, Doctor Andrea,
who - under the direction of Professor Cassano -- visited our la-
boratory in the antumn of 1956. We are working at present in ol-
laboration with Professor Fiaschi aid Doctor Andres on the application
of the fluorescent antibody technique to human material, and I pro-
pose to inform you as follows on this type of research.

The subject of renal diseases -- that includes acute glameru-
lonspritis, chronic glamerulonephitis and the nephrotio syndrome -
creates nerous etiologic and pathogenic problems, still unsolved
at the present time.

It has now been established that acute glomerulonephritis is
usually preceded by a streptococcal infection and that the micro-
organim belongs most frequently to Type 12. In spite of that, the
precise meahaniAn by means of which Stretocoocus wogenes provokes
nephitis is still unknown.

On the other hand, in patients afflicted with chronic glueru-
lonephrit a or with the nephrotic syndrome proof of a precedi ag in-
feotion with Streptocoo'us uoAenes and with other diseases, charact-
erized by the presence of anti-streptococcic antibodies in the area,
is often lacking.

It w written about fifteen years ago in an Important treatise
on medicine that although Richard Bright had been dead row for over
100 years, not much could be added to knowledge about his disease.
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It is a fact that in the past, clinics were obliged to ventare
difficult probably diagnoses whenever they were confronted with no-
phroatientas, sad very often their diagnoses were proved to be wrong

*by antopsy findings.
Today a series of renal biopsies have opened up new possibi-

lities for studying nephropathology. This technique gives access to
the renal tissue in every phase of the disease and has made possible
elsobon-mrsoopic research, To the above nust be added the abi-
liA to reproduce variou forms of nephropathies in animals and the
perfection of the fluorescent antibody t ch que. All this shms
that muh progress has been made in the knowledge of the rolation-
ships occurring bebmen pathogenesis and clinical conditions.

Se cliieal and histopathologio piotre of acute nephritis,
of cwrdo nepyritis and of the nephrotic syndrome can be repro-
dued ezp-i'Aent by mens of an imunological technique con-
sisting of the administration of specific antibodies for their renal
tissue (Nasugi's nophritis) to animals. It has been determined that
the antigon-antibody reaction appears in the experimental animal
within the renal antigen and the antirenal antibody that has been
injected into it. It must be recalled, however, that experimental
nephr.ts is eftproduct of an allergic reaction in which the host
itself provides the antigen instead of the antibody.

Nevertheless. it often happens that renal decempensation
show up only monuths and years after the injection of the nephro-
toxic seram The meohanmso by means of which the kidney may incur
lesidus so series that they cause death - with a disease that
appears to be capable to perpetuating itself autonmously - has not
yet bee explaine satisfactorily.

Recently a new technique was perfected that enables us to
add new knowledge to the old ideas concerning the inunoallergic
mechaisms of ee ental nephropatby. It is to be hoped that this
technique may also be useful in studying the pathogenesis of human
nephrepathis. We are referring to the fluorescent antibody toch-
nique of Coons and Kaplan.

Antibody preteins can be tied to or 'labelled' with fluorescein
iseqanate, e ttained antibody is then used to dye a section of
fresh renal tiasue that has been sectioned while it is frosen. If
the rmsa tissue containa a specific antigen for the antibody staind
with flerescoi, it will fix the antibody in position and - when
the renal tissue is e mined under the microscope with ultraviolet
light. that canos fluorescein to wit a yeflow-green light - the
area in which the antibody has been fixed can be easily identified.
In this wa the seat of the specific -atigen for the fluorescent
antibody is determined.

Antibodies *labelled* with fluorescein have been used to
identify the tissular seat of viruses, Ri kettsia and bacteria,
as well as the location of heterogeneous proteins of non-infetive
nature and of native proteins (produced by the host).

STh fluorescent antibody tohnique, applied to the stdy
of experimental nepritis, has provided an obvious proof in favor
of the allergic nature of the disease. It has been possible to
follow the distribution of the nephrotxic seru= In the organisn
of the nephritic animal, to prove that it is local4zed in the
kidney and to establish that this serm rmains in the tissues for
a long period of time.

Antibodies stained with fluorescein have also been used to
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it*d the altered distribution of globul.ins of an aitoohthomcs nature
In the nephritic animal.* The increase in these globulins could indi-
cate a location ith an elective antibody concentration.

Mhe series of slides that win now be projected will illastrate
the application of the fluorescent antibodyr technique to the study of
the pathogeneuis of experimental nehritis. Research of this kind
points out very clearly the usefulness of extending it to the study
of han nejiritise Consequently -after discussing the experimental
disease - I shall dwell on same suibjects for study concerning human
nejiiropataies on which work Is being conducted at present, in close
collaboration,, in the Institute of Medical Pathology of the University
of Rome and in the Departnent of Microbiology of the College of Pty.
sicians and Surgeons, Columbia University, New York.

But first of all lot as thank aome of xy collaborators, among
the Doctors hily Looe, Margaret Bevans, Nvelyn Gaynor, Ruth Triedman.
and Henry Metzger* I am especially grateful to Dr. Konrad Hsu wo
took anl the photographs that you shall see shortly., Mrs. Margo Hasson,
Mrs* Mildred Rothenberg and Wre Fred Urquhart have contributed such
more to this research than they were obliged to do.

Ike data pertadinn to experimental nepritis will be presented
iLn the fou of three conclusive considerations, each of which will be
accompanied by slides illustrating the results of the experiments that
have eabled us to draw up the conclusions,

XLe PoUctio of 1116rotoidg SerM.

Rabbits and ducks were used to produce nephrotouic serums. The
rabbits were Imnised. intraperitoneally w4th a 2C% suspension in
physiological solution of kidney or of other tissues from rats or dogs.
The dinks were Inoculated intramuscularly with rat or rabbit kidney
or other organs mixed with Fround's adjuvants, These two methods of

liuisto Yielded the best results in the preparation of nephro-
twoc serums, although In aome cases the Iuaniation had to be pro-
tracted. conieably. The placenta and the lung - along with the
kidney - an stimulate the production of nephrotoaxic or nepritis-
causing antibodies. Blood ger=, red corpuscles, the brain and the
aorta were used experimentaly as antigens, but they did not pro-
duce nepbritegenic antibodies.

Firt of all, antibodies must be prepared from nephrotozio
antibodies. For exmple, an antibody from nephrotozic duck ser=m
Is obtained by precipitating, with sodium sulfate, the blood glo-
bulins of normal ducks. These globulins - mixed with Freund's
adjuants - are then Injected Into a rabbit, The atgbui
duck antibodies are then procipitated by the serum of this rabbit
and are 'labelled' with fluorescein isocyanatet in accordance with
Coons's technique. These Plabelled' antiduck rabbit globulins an
be used to dumstrat. the presence of duck globulins in aw aninal
tissue that has been injected with specific antiorgan antibodies
produced in the duck. In other words, if a nephritic rat is pt to
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death after having be=n injected with rat antikidisy duck seum, a
frgmn of its kine can be froPsen and sio@ned in a orysta into
~micro seentse One Paction in pat on a slide, stained with Moure-

scent duck antiglobulis antibodis. Whien the seotiev is exmd ith
the ulrvoe microscope, it can be observed that Usi basal glanerular
membranes are fluorescent, because they wiit a yellow-green light. They
contain, in fact, nepbrotoxic duck seria, and osequetI. they have
fixed the antidack slobvaw 'labelled* with fluorescein* Nephrotxl
duack serum can thus be reele in any pert of the bo* On the other
IM4 if the injected antiorgan sera has been prepared in a rabbit#
the sorm t'hat produces fluorescence contains rabbit antiglobulin duck

y using this fluorescent antibody technique, three facts cons-
cerning ex~erimental nepritis were established.

The first fact is ta the ammarnoge of El3MfMQML-
vhv4 1 4+s nessay to loclisM the neubrgtoui seaum inte

''n"'ikiney rat serum obtained from rabbits and ducks cames
proteiwJAi in rats and a histologic picture of gloserulonephitis
when it is inocua~ted in then intravencus37o It can be demontrated
that the neriarotaxio serumn is locsaed in the glomeruli, - and
especiaflly in the basal membranes - eadming a kidney sction with
specific fluoresoent antibodies for rabbit and duck globulins. This
is "istrated in Figure 19 showing a kidney section froa a rat pat
to death 3i1 hours after receiving an injecti.on of rat antikidney
duck ore. The seotiou was stained with dusk ani~blnanti-
bodies Ilabelled' with fluorescein. The basal glomerular membranes
show up. flourescent, because the nephromo serum localized in
these areas has finsd the specific antibody 11beled' with fluorescein.

Other nephritogenic antiserums,- and especiallyv rat antilung and
anipacenta. serums - are also localized isp the basal. glanerular

Som of the nerhrotaxic so.ms that were injected can be de-
monstn'ted in two other organs: the spleen and the adrenales In
the splee the meom is localized in the red pulp cells. In the
adreali it is found in the endothelial cells of the cortical ca-
pillaries, In each of these areas the concentration of hetero-
goeoug globulins is approiately equal to 10% of the gloserali,
conetration.

Neither rat antilung seor nor rat antikidney serm has bee
fouand in sinfcnsmounts in the skeleta~l muscles, In the mY0--
cardim, in the liver, in the pancreas or in the lungs.

Antiorgan serwas that do not provoke nePhritia either are
2ot, o0al4sed in the glmeruli In a sufficient amount or are present
for short periods of tine.

Rabits inoculated with rabbit &Ati4idne mern and dogs
inoculated either with dog antikidney sqrm or dog antiplacenta,
ser~a also democnstrate localimation of *~e nephroto sem in
the basal glomeralar membranes., Figure 2 illustrates the locali..
Sation of duck nephrotouic serm in the kJAMe of a rabbit ino-
culated six days earlier with rabbit antik~dne duck sore In
this cae also the flucoeset antibo4 used to stain the section
is specific for duck globulin*

TUs it is evint that the neprateado serum is localimed
almost eousvl in the basa memigbaas 9f the glemeralar oayi.
aries; ftUis i true whether antikidney surms antilung ser Or

-- , 01-- 1



antiplaceonta serum is injected, whether the antiserm is produced by
rabbits or bV ducks, and, finally, whether a rat, a dog or a rabbit is
used as experimental animal.

The second fact established by means of the fluorescent anti,-
body technique is that She ne4irotox serM remains fixed in the -basal
fflrrul Lifbrans f gr UZw months.

Kidneys removed from nephritic rats at time intervals that
extended to nine and one-half months after the disease began still
contained part of the nordirotoxic seru that had been injected. Figure
3 shows, P section of a kidney of a rat afflicted with chronic nerthri-
tiag 192 days after the injection of rat antilcidney rabbit ser=m. The
preparation is stained with rabbit antiglobulin duck antibodies that
haye been 4abc2.bd' with luoresovin. The weak fluorescence of the
gitneruli. indicates the persistence of the naphrotozic serum in these
areas.

Nephritic rabbits were examined for aboat four months andA
nehritic dogs for about six months af ter the injection of nephritis.-
producing serums. In each case these serums were still domonstkble
in the gloneruli.

It has not yet been determined precisaly how long the nephro-.
toctic seru remins in the glamermli. It was still detectable in
rats after nine and one-half months, in dogs after six months, and
in rabbits after four zonthas

the third observation made possible by the fluorescent anti-

urn--s ascertained by staining tissue sections from nephritic
anmals with rat antiglobulin antibodies 'labelled' with fluorescein
and, respectively, with dog or rabbit uatiglobulin antibodies, also
llabelled' with fluorescin. In this way, there was found a moderate
increase in the globulins in rat and dog kidney and a much more
pronounced increase in the rabbit kidney*

Figure 4 is a control section of kidney from a normal rat,
stained with rat antiglbbulin rabbit globulins "labelled* with
fluoresein. A weak fluorescenoes is observed in the endothlial
celas of the peritubular capillaries and in the glcaeruli. This
shows a characteristic picture of normal tissue stained with 'native'

antiloblinantibodies and it could also occur in dogs and rabbits*
Two or three days after the injection of the nejpiwotox5. serum

the amount of globulins capab.le of being stained with antiglobulin
sernmincreased. Figares 5 and. 6 illustrate the presence of 'native'
globulins in the glonerali of nephritic rats and rabbits. figure 3
is a kidney section from a rat injected six days previously with rat
antWidw rabbit oeriu and stained with rat antiglobulin rabbit anti.
bodies "labelled with fluorescein. The presence of an increased aount
of rat globulins in the glcmeruli is demonstrated by the increase
in the fluorescence that is found localized especilly in the cells

* (See FigI 4). Figure 6 shows a section of rabbit kidney 30 days
after Ih injection of neitrotoxic ser=m. Great amounts of 'native'
globalins are found there, apparently localized predominantly in the
basal mebrans

2he gipaLficanoe of these experiments is constituted by the
fact that both t~o antigen (naphrotxc ear=) and the possible anti,-
bo~y (globulin of autochthonous origin) coexist in the renal tissue
for sewral months. 2his corroborates the theory that in experi-
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rg' 1. Section of rat ISMC 100 kinyone day-after the injection
of rat antikidney duck sam. Stained With duck antiglo.
Winm ftbbit serum globalins, labelled with fluorescein iso-
oymate, lote tiiat the fluorescee is apparwmly liiited to
the basal glmerular aw br1t .-which, proven the .oosution

. of the naphrotnzio serum in thus stractures of the rat kdidwe

.*1 .m , 2
-Fig.+ ' 2. o

ng. 2o ecton o rabit261kidney, aix days after injection o
rabbit atikido kck *a=. Stained with globuins obtained
from (kick anti~~i rabbit seam labelled withfl.ese.
The. speciflo asphrotozic seons is apparntly localised In the
basal glomerular umbranee of the rabbit
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Vio * 3eSition of rat 53 806 kidney 192 days after injection of
rat antikidney rabbit own*m Mtined with labelled globa.
line obtained from rabbit satiglobalis dock serss. Noe
that In this rat, afflicted with cbz'ode nqphritis, sephre-
toi* serm to found In the glomeali Note also the
satefluoresoice in the arter7 (top left) and In the tabiles
(bottom left)*

ng. , kv eetion of normal rat kidney stained with fluoesmvt rat
atiglobolin rabbit min, The wask fluorescence obseved
In the peritabalar andothel cells an In the gloneruli
Indicates the presence of Inative' globallas Iu these cells.
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S~ * g Chr'onic glcaeiloseIrz1tim

-' **,~&ctsat focal slowerlitive

RtitteOZ%.O10300 1O

b. Fluorecence sumate from

the glmaeulus after ontat

C. Ruma owtigama globalin
erm labelled ith Mloees
**in iasocysate lakew oseet.
tiv. fluoresomes In the 4am.
mermlum. 450 1

Yig.?.9 A* N, 36 yam olds bIscuift acuteess in chronic
glmulonspbritise Antioxygmm streqtely~n. 833 wsits
Per 0
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* tooooie somlabadled wth
fluoreaceft iaocyaat., the
capillary samae of the gle-

C.) UIU1s are cearly utied,
727 X

Wi~th labelled antigam*
globelineemat the fiuezm

in the glomeral ORepiflary

"~go So B. Co, 36 years old. ChronIc glooerulo~iphritiso Iephrstio
qudrme. Antioxygenautz~ptolysing 250 waits par mc
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*6tn iaz'itis the inflamastory renal disease, persisting for a long
Ui ater the nehr'otxc sora. Aw reached the glemerulus, on be*

supprtedby an antigen-antibodly reaction,.
SAis antigen-antibodty reaction can be caused by residues of
~e~Otoicseram reacting with the glomrular proteins or by,

remiUhm of the Aephrotez.c sort. reacting with the antibodly pro-
dmoed IV the host in the presne of the heterogeneous antigen.,"or
by both*

At mw rate, these experiments have confirmed that chreoic
renal lesions can be the result of an allergic tyrpe of n atoe

V.0ref ore, how can the fluorescent antibody technique'be-
wsed- today to demonstrate a poeuible heterogeneous antigen and a
Iativel globulin -' containing anitibodlbs of that antigen _.- In

the renai tissue of nephritic individuals?
'When Dr. -An&we was in New Tork at the Presbyterian Columbia

Redi-al Center we discussed this problem.
the only sowe information concerning the etiolggioal agent

ofhis groqp of renal diseases is constituted by the fact tiA an
iifection. * hamolytic- streptocons precedes the majori. y of the
oases of -avaite neplritis. Therefore,9 it seems logical to explore
the :pos#Wiltyr that same antigens - produced by the streptccoccus-
WWe be'found in the. kidney in case of disease.

... th second point deserving studyr is whether human. giwn gloa
* .Ab,4 vectors of antibodies - are present in the kidney in greter
aawite +han the ones found in wpy tissue subjected to plhlogiktic.

S~'oM= technical difficulties have slowed our'progrus con-
,d~idwlbe both the first antistreptocoecic soram, prepared for thiese

~p~uI~es' and the first antigana globulin seram'did not yield
WA1*f~cfoiy results. Bu~t Professor Fiasahi and Dr. Andres, who sent
go by airmadI firagments of frozen renal tisaue,, have been vaity patient,.
and at l6astsam enicouraging results have come from the preliminary
ituy of the last 18 cases that were sent to us

In thi group - that includes a fragment of nordal'renal
iWsab and a, fragment of pyelonephritic kidney together with other
'bioptic-frapenta of acute, subacute and chroni6 n ephritis., Ai oYw
.without ieplrotie syndrome - we were able-to demonstrate that the *

renal tiue of four patients responded positively to the antistrepto..
boo&aic 8Vua --One, of these belonged to an observation of acute
.nephrliisI tiro of subacute nephritis and one to a'recurring' acute,
Tsoro iI. qephritis apparently induced by streptococic'in.
4ecU0i'o Z e upe airways*

Aigmre7 illustrates this last casC. The timuueIs stained
with f2uorscententiwbsptococcic serum. in this onef as~n the
other thrtee renAl biopsies in which antistreptococcic serf!m was found,.
,t1e ant.geZIappeared to be contained more in the glomerua calls

haiin thie'bi~ia imibranesa
No 41 he sections have bnstudied u nti o*. with anti-

~lobuI~-="'tested efficacy. Neertheless, an increase in the
gu 03h~4bd -k1 he glomertli' of .five of the ten, kidnesy fragments

examnediiid~ontra~4.This can be observed 'in Figure 8&
~. ena tisueofthese ie patients has obviously been



studie by ftvoessor Fiasohi, amd tV Usis mab rato usWn ju.Lr&
thin histologic preperatiin and .in saw~ mase - the eleatron mi-
crosoops,

Althocugh our attmpts to add new Inforatiux to the present
inokledge an the localisation of antigens and antibodies in the renal
glzoUl by usin the fluoresces technique awe still In thaeir ini-.
tial Pbaaea and no comolusiua mW, theref we, be draw, I strong~jy
hope, neverthe3les, that usefu Propes =a be derived fron the joint
OMPUIeRMUOt Pow this reason I an vey hapW to be associated wi.th
the group of stauets, ude the guidance of Professor Cassano, en,.
gaged in this intose~y interestinig woft propin.


